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Mass vaccination of the world population is our ticket out of
the coronavirus disease 2019 (COVID-19) pandemic. We are
fortunate that many efficacious vaccines against COVID-19 have
been produced in less than 1 year since the first case was re-
ported in China, and countries have launched successful popu-
lation vaccination campaigns resulting in >50% vaccination rates
in Israel, the United States (US), the United Kingdom (UK), Ger-
many, Italy, Singapore, and so on by the time of writing this
article in July 2021. Since the publication of the phase III trial for
BNT162b2mRNAvaccine (produced by Pfizer-BioNTech) in 12- to
15-year-olds demonstrating 100% efficacy at preventing symp-
tomatic COVID-19 infection [1], this vaccine has also been rolled
out among adolescents in Israel, US, Italy, Singapore, and so on.
Countries such as UK and Germany, however, have opted to limit
vaccination in adolescents to those at high risk of severe COVID-
19. Here, we discuss the risk-benefit ratio of vaccinating healthy
adolescents against COVID-19 at the present time and some of
the ethical considerations surrounding this practice.
Risk-Benefit Ratio

Among the high Human Development Index (HDI) countries,
the risk of severe COVID-19 in children and adolescents is low,
with a mortality of 1e2 per million population [2]; this is similar
to seasonal influenza, for which mortality in persons younger
than 21 years is 2 per million. The incidence rate of symptomatic
COVID-19 in adolescents was 23,000 per million in the US at the
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peak of the pandemic between 1 January 2021 and 31 March
2021 [3]; of these, 64 required treatment in the intensive care
unit [4] (Table 1) [1e8]. Risk of severe disease depends on indi-
vidual risk factors. Within the pediatric age group, apart from
infants, the greatest risk factor for severe COVID-19 or mortality
is underlying medical conditions including chronic lung disease,
obesity, neurologic diseases, and cardiovascular diseases. In
addition, psychiatric disorders have also been associated with
COVID-19-related morbidity and mortality [9]. Specifically,
among adolescents hospitalised for COVID-19 in the US, 70.6%
had at least one underlying medical condition [4]. Another major
concern for COVID-19-associated morbidity in children and ad-
olescents is theMultisystem Inflammatory Syndrome in Children
(MISC); the incidence of which among 12- to 15-year-olds is 15e
22 per million persons [8] (Table 1). Furthermore, there are in-
direct health effects of the pandemic on youth and adolescents,
such as interrupted education and, concerningly, mental health
issues associated with social isolation [10,11].

Of concern are the emerging safety signals from the BNT162b2
vaccine in adolescents, which were not detected in the trial
because of the relatively small sample size of 1131 vaccinees as it
was initially designed as an immuno-bridging trial. The USVaccine
Adverse Event Reporting System has detected a perimyocarditis
rate of 8e10 per million second doses in girls and 56-69 per
million second doses in boys [5] (Table 1). The incidence of peri-
myocarditis during the postvaccination period was elevated
compared to that in the previous years in Israel [7]. Detailed re-
ports of 14 cases show that perimyocarditis developed among
previously well adolescent males within 4 days of receiving the
vaccine, usually after the second dose [6,7]. Nine of the 14 patients
(64%) required admission to the intensive care unit. Fortunately, all
in these 2 case series recovered from the acute episode; however,
whether long-term sequelae are possible is unknown [6,7].

Thus, on an individual patient basis, the risk-benefit ratio for
vaccinating healthy adolescents for the prevention of severe
COVID-19 is currently equivocal (Table 1). This is influenced by
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Table 1
Incidence rates of symptomatic and severe COVID-19 in 12- to 15-year-olds in the US, between 1 January 2021 and 31 March 2021 as reported by the Centers for Disease
Control and Prevention [3,4], with mortality rate taken from longitudinal data as there were no deaths in this particular period [2,3], vaccine efficacy for various clinical
endpoints [1], and the risk of myocarditis associated withmRNACOVID vaccination for 12- to 15-year-olds as reported in the US Vaccine Adverse Event Reporting System
(VAERS) up to 23 June 2021 [5], with accompanying risk for severe disease [6,7]

Clinical outcome Incidence rate of COVID-19 in
12- to 15-year-olds in the US,
per million

Vaccine efficacy in 12- to
15-year-olds

Risk associated with mRNA COVID
vaccination in 12- to 15-year-olds, per million
second doses

Symptomatic disease 23,000a [3] 95% [1] Perimyocarditis [5]:
In girls: 8-10
In boys: 56-69

Severe disease requiring intensive care unit
admission

64a [4] 100% [1] Perimyocarditisc [6,7]:
In girls: 6
In boys: 43

Mortality 1-2b [2] 100% [1] Unknown
Multisystem Inflammatory syndrome in

Children (MISC)
15-22 [8] Unknown Unknown

a These numbers were taken from the peak of the pandemic 1 January 2021 to 31 March 2021.
b There were no deaths in 12- to 15-year-olds reported during the peak of the pandemic 1 January 2021 and 31March 2021, so an average mortality rate over a longer

period of time was used.
c The percentage of perimyocarditis cases requiring intensive care unit (ICU) admission was taken from 2 case series, wherein a total of nine of the 14 patients (64%)

required ICU care.
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the presence of comorbidities and gender [3e5]. How vaccina-
tion might influence the occurrence of severity of MISC is un-
known [12]. In fact, Multisystem Inflammatory Syndrome in
Adults (MISA) has been reported to occur after mRNA COVID-19
vaccination, followed by exposure to severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) [13], so MISC/A remains a
possibility with or without vaccination, so long as the virus is still
circulating. Frenck et al. argued for the universal vaccination of
adolescents because “their vaccination may prevent disease and
contribute to herd immunity” [1]; this has been echoed by
policy-makers. However, this may not be correct; first, as risk of
transmissibility of COVID-19 increases with age [14], the popu-
lation benefit of vaccinating healthy children and adolescents
may be low, especially when persons in the community at high
risk of severe disease have been vaccinated.

Above and beyond the medical considerations, we must keep
in mind that nonmaleficence is the first medical ethics principle;
as such, the practice of vaccinating healthy adolescents mainly
for the benefit of others should only be considered when the
vaccine has been proven to have an impeccable level of safety.
This is not the current case.
Proposed Interventional Trials

To address these data gaps, we propose the following targeted
interventional trials in the pediatric to adolescent age groups:

1. The immunogenicity of the BNT162b2 was 1.76 times higher
in adolescents than that among young adults [1]; as peri-
myocarditis is an inflammatory condition occurring after
vaccination, could dose reduction in adolescents increase
safety? After all, phase I trials showed that 10 mcg elicits good
antigen-binding IgG and virus-neutralizing responses in
young adults aged 18e55 years, comparable to the responses
30 mcg elicits in older adults aged 65e85 years. Children are
not small adults but immunologically distinct; we propose
studying the effects of dose reduction of mRNA vaccines in
adolescents even if body weight does not differ from adults.
2. All three patients with MISA after COVID-19 vaccination were
Asian or Hispanic [13]. As perimyocarditis has been suggested
to be related to MISA/C in its pathophysiology, could it be
more prevalent in non-white populations? The risk-benefit
ratio for each ethnic group is different, as risk of severe
COVID-19 has been shown to differ greatly by ethnicity. Frenck
et al. recruited 85% white vaccinees in their trial [1]; we
propose studying amore ethnically diverse population to look
for differences in both immunogenicity and reactogenicity.

3. As the risk of perimyocarditis exists mainly after dose 2,
could we avoid dose two of the vaccine for children and
adolescent who are convalescent from COVID-19, as is sug-
gested for convalescent adults? Children and adolescents are
more likely to be asymptomatic from COVID-19 infection
than adults, so history alone may not approximate the
serological status. In locations where there have been large
waves of COVID-19 and, thus, many children who sero-
converted without clinical symptoms, we propose trials to
investigate the strategy of point-of-care verification of
seroconversion, followed by withholding the second dose for
seropositive children.

These measures of dose reduction and rationalization for
convalescent adolescents would also simultaneously increase
availability of vaccines for the low-to-middle HDI countries,
where many populations who are at risk of severe COVID-19
currently have no access to effective vaccines at all. Allocating
vaccines to all healthy children and adolescents in high to very
high HDI countries further worsens the inequality in vaccine
distribution around the world.

Proposed Clinical Approach

As for clinical practice, countries must weigh the risk-benefit
ratio of vaccinating adolescents and children in their populations
carefully and keep in mind that vaccinating the pediatric popu-
lation mainly to achieve herd immunity requires a high bar of
safety for the vaccines to remain ethical. Currently, both the
World Health Organisation and UK’s Royal College of Paediatrics
and Child Health have recommended that vaccination only be
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undertaken for adolescents who are at high risk of severe dis-
ease, for example, those with obesity, chronic cardiopulmonary
or neurologic disease, and severe mental illness [9]; this is a
prudent stance in the light of current available evidence. A
nuanced approach, taking into consideration individual risk
factors such as gender, past medical history, and ethnicity, may
also be wise to ensure that the risk-benefit ratio for every
adolescent is accurately determined. For countries who choose to
vaccinate adolescents at the same schedule and dose as adults,
we propose tight monitoring of serious adverse events, with a
view to re-evaluate the policy as data emerge.
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